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ABSTRACT 

T h i s  memorandum b r i e f l y  r e v i e w s  t h e  p r e s e n t  d i r e c t i o n  
o f  t h e  t o r o i d a l  t a n k  development  program a t  MSFC. Here p a r t i c u l a r  
emphas i s  i s  c u r r e n t l y  b e i n g  p l a c e d  on  l a r g e  t a n k  s y s t e m s  ( o n  t h e  
o r d e r  of 200  i n c h e s )  for c r y o g e n i c  p r o p e l l a n t  c o n t a i n e r s .  

The a u t h o r s  see v a r i o u s  a p p l i c a t i o n s  for a smaller 
c l a s s  of t o r o i d a l  t a n k a g e  and s u g g e s t  that a comprehens ive  
f a b r i c a t i o n  program be u n d e r t a k e n  t o  c o v e r  b o t h  l a r g e  and  smal l  
c l a s s e s  of  t o r o i d a l  c o n t a i n e r s .  C o n c u r r e n t  i n v e s t i g a t i o n s  o f  
r e l a t e d  p.roblems s u c h  as p i - o p e l l a n t  c o m p a t i b i l i t y ,  ma te r i a l  
s e l e c f ; i o n ,  e x p u l s i o n  t e c h n i q u e s ,  s t r e s s  a n a l y s i s ,  and  slosh 
e f f e c t s  s h o u l d  be  i n c o r p o r a t e d  t o  compliment  a m a n u f a c t u r i n g  
meth0d.s s t u d y .  

Mr. Wuenscher o f  MSFC was of  t h e  o p i n i o n  t h a t  i f  g e n e r a l  
f u t u r e  p r o b e  d e s i g n  a p p l i c a t i o n s  and s p e c i f i c  p r o j e c t  n e e d s  ( a s  
t h e  t o r o i d a l  p r o p e l l a n t  c o n t a i n e r  s y s t e m  f o r  t h e  MSSR) j u s t i f y  
a small t a n k  f a b i - i c a t i o n  and test development  program,  s u c h  a 
program would e f f e c t i v e l y  compliment t h e  l a r g e  t o r o i d a l  cr .yogenic  
t a n k  prograrri p r e s e n t l y  b e i n g  u n d e r t a k e n .  

While s u c h  a t o r o i d a l  t a n k  development  program i s  
c l e a r l y  w o r t h w h i l e ,  it i s  t h e  a u t h o r s '  b e l i e f  t h a t  c r y o g e n i c  
t a n k a g e  de-Jelopment and f a b r i c a t i o n  i s  a h i g h e r  p r i o r i t y  problem 
and should n o t  be  compromised i f  t h i s  was deemed n e c e s S a r y  t o  
accomodate  b o t h  p r o g r a m s .  
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MEMORANDUT4 FOR F I L E  

The a u t h o r s  v i s i t e d  t h e  X a n u f a c t u r i n g  E n g i n e e r i n g  
L a b o r a t o r y ,  MSFC f o r  t e c h n i c a l  d i s c u s s i o n s  w i t h  H .  Wuenscher 
c o n c e r n i n g  r e c e n t  s t r u c t u r e s  deve lopment  programs a t  MSFC. O f  
s p e c i a l  i n t e r e s t  was t h e  l a r g e  t o r o i d a l  t a n k  f a b r i c a t i o n  and  
t e s t  program p r e s e n t l y  u n d e r  t h e  d i r e c t i o n  o f  M r .  Wuenscher which 
i s  b e i n g  f u n d e d  o u t  o f  OART. 

The p r i n c i p a l  a p p l i c s t i o n  o f  t h e  l a r g e  t o r o i - d a l  t a n k s  
( o n  t h e  o r d e r  of  2 0 0  i n c h e s )  b e i n g  s t u d i e d  a t  MSFC i s  f o r  
c r y o g e n i c  p r o p e l l a n t  c o n t a i n e r s .  The s q u a t  c o n f i g u r a t i o n  o f  t h e  
t o r o i d  i s  p a r t i c u l a r l y  s u i t e d  for p a c k a g i n g  t h e  c r y o g e n i c  s t a g e  
o x i d i z e r  p r o p e l l a n t .  F o r  t h e  fue l /vo lurne  r a . t i o  o f  rnany p r o p e l l a n t  
c o m b i n a t i o n s ,  t h e  t o r o i d a l  o x i d i z e r  t a n k  c a n  be e f r i c i e n t l y  
n e s t e d  u n d e r  t h e  much l a rge r  s p h e r i c a l  or e l l . i p t i c a l .  domed f u e l  
t a n k ,  t h u s  p r o v i d i n g  a s h o r t ,  d e n s e l y  package  p r o p u l s i o n  module 
or booster s t a g e .  

A s econd  a p p l i c a t i o n  f o r  t h e  t o r o i d  s h e l l .  c o n f i g u r a t i o n  
i s  a s e x i - t o r o i d a l  p r o p e l l a n t  c o n t a i n e r  which o f f e r s  a s u b s t a n t i a l  
packagi r ig  a d v a n t a g e  o v e r  c o n v e n t i o n a l  s p h e r i c a l .  o r  e l l i p s o i d a l  
domed t 2 n k s .  The s e m i - t o r o i d a l  t a n k  i s  e s s e n t i a l l y  a c y l i - n d e r  w i t h  
t o r o i d a l  c a p s  and a c e n t e r  column which forms a n a t u r a l  p a t h  
for r o u - t i n g  a f e e d  l i n e s .  

A p p l i c a t i o n s  f o r  s m a l l e r  t o r o i d a l .  t a n k  c o u n t e r p a r t s  
( f r o m  36-60 i n c h  ciiameter) can zlso b e  c o n c e i v e d  f o r  va j - ious  
spacec r2 I " t  d e s i - g n s .  For example:  i n  a d e s i g n  s t x d y  of' a Mars 
S u r f a c e  Sample R e t u r n  v e h i c l e  (KSS3) b y  t h e  a u t h o r s  ( R e f .  I.) 
t o r o i d a l  b i - p r o p e l l a n t  c o n t a i n e r s  w i t h  d u a l  p o s i t i v e  e x p u l s i o n  
d i a p h r a g s  were s u g g e s t e d  as a p o s s i b l e  t a n k  c o n f i g u r a t i - o n  
( F i g .  1 ) .  T h i s  c o n f i g u r a t i o n  i s  e s p e c i a l l y  s u i t e d  to MSSR 
require::-?nts b e c a u s e  of  t h e  l o b :  s t r u c t u r a l  f r a c t i o n  a c h i e v e d  
u n d e r  a j r o a d  spcc'iru.m of  d e s i g n  l o a d s  and p a c k a g i n g  c o n s t r a i n t s .  
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The p r i n c i p a l  problem of  a s s e s s i n g  t h e  f e a s i b i l i t y  
and d e s i r e a b i l i t y  of  t h e  MSSR t o r o i d a l  t a n k  d e s i g n  a p p e a r s  
t o  b e  i n  t h e  f a b r i c a t i o n  of  t h e  t o r o i d a l  t a n k a g e  w i t h  t h e  d u a l  
d iaphragm e x p u l s i o n  d e v i c e s .  H e r e t o f o r e ,  no d e s i g n  t e s t  spec imens  
of  t o r o i d a l  t a n k s  employing p o s i t i v e  e x p u l s i o n  have  been  b u i l t ;  
n o r  has s u f f i c i e n t  a n a l y s i s  been done t o  e v a u l a t e  mater ia l  s t r e s s e s ,  
dynamic r e s p o n s e  c h a r a c t e r i s t i c s ,  s l o s h  e f f e c t s ,  or p r o p e l l a n t  
e x p u l s i o n  e f f i c i e n t y  o f  s u c h  a c o n t a i n e r .  

Mr. Wuenscher was of t h e  o p i n i o n  t h a t  i f  g e n e r a l  f u t u r e  
p r o b e  d e s i g n  a p p l i c a t i o n s  and s p e c i f i c  p r o j e c t  needs  (as  t h e  
t o r o i d a l  p r o p e l l a n t  c o n t a i n e r  sys t em f o r  t h e  MSSR) j u s t i f y  a 
small t a n k  f a b r i c a t i o n  and t e s t  deve lopment  program, such  a 
program would e f f e c t i v e l y  compliment a l a r g e  t o r o i d a l  t a n k  
program p r e s e n t l y  b e i n g  u n d e r t a k e n  a t  MSFC. 

G e n e r a l l y ,  t h e  a u t h o r s  see v a r i o u s  a p p l i c a t i o n s  for 
t o r o i d a l  t a n k  d e s i g n  and s u g g e s t  t h a t  a comprehens ive  f a b r i c a t i o n  
program be u n d e r t a k e n  t o  c o v e r  b o t h  l a r g e  and small c l a s s e s  o f  
t a n k a g e .  Concur ren t  i n v e s t i g a t i o n s  o f  r e l a t e d  problems such  as 
p r o p e l l a n t  c o m p a t i b i l i t y ,  m a t e r i a l  s e l e c t i o n ,  e x p u l s i o n  t e c h n i q u e s ,  
s t r e s s  a n a l y s i s ,  and s l o s h  e f f e c t s  s h o u l d  be  i n c o r p o r a t e d  t o  
compliment t h e  m a n u f a c t u r i n g  methods s t u d y .  

While s u c h  a t o r o i d a l  t a n k  development  program i s  
c l e a r l y  w o r t h w h i l e ,  i t  i s  t h e  a u t h o r s '  b e l i e f  t h a t  c r y o g e n i c  
t a n k a g e  development  and f a b r i c a t i o n  i s  a h i g h e r  p r i o r i t y  problem 
and s h o u l d  n o t  be  compromised. 

Mr. Wuenscher has s u g g e s t e d  f u r t h e r  d i s c u s s i o n s  t o  
d e f i n e  and assess s p e c i f i c  a p p l i c a t i o n s  and  r e q u i r e m e n t s  i f  
s u c h  a program i s  j u s t i f i a b l e  and deemed wor thy  o f  t h e  
u n d e r t a k i n g .  
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